films with the Sr composition x varying from 0 to 0.77 were grown on transparent fused silica substrates by molecular beam epitaxy, and the effects of Sr addition on the indirect optical absorption edge E edge were investigated. It was found that the E edge value increases almost linearly with increasing x and reached approximately 1.40 eV when x was 0.52. When x>0.6, the E edge value almost saturates, and the formation of homogeneous Ba 1-x Sr x Si 2 films became difficult. Phase separation was observed for x=0.77.
Introduction
Most solar cells currently produced are Si based. However, the band gap, E g , of Si is as small as 1.1 eV at room temperature (RT). This value is approximately 0.3 eV smaller than the ideal band gap (~1.4 eV) that matches the solar spectrum [1] . This small E g value for Si results in low photoelectric conversion efficiency of Si solar cells. In addition, approximately 200-μm-thick Si is required to form crystalline Si solar cells due to its small optical absorption coefficient α. Thus, new Si-based materials for high-efficiency thin-film solar cells are needed. Semiconducting orthorhombic barium disilicide (BaSi 2 ) is thought to be a good candidate for such a material.
The E g value of BaSi 2 has been previously ascertained from the temperature dependence of resistivity and diffuse reflectance spectra in bulk BaSi 2 [2, 3] and from scanning tunneling spectroscopy results of a few-monolayer-thick BaSi 2 films on Si [4] , to be approximately 1.1−1.3 eV at RT. The optical absorption spectra of polycrystalline BaSi 2 films on transparent fused silica substrates show that its indirect absorption edge E edge is approximately 1.3 eV. In addition, α reaches 10 5 cm -1 at 1.5 eV [5] , which is approximately two orders of magnitude higher than the value for Si. This large α is thought to come from the contribution of the Ba 5d state to both the conduction and valence bands in BaSi 2 [6] . From the viewpoint of application to solar cells, it is desirable to increase the band gap to 1.4 eV by applying band-gap engineering to BaSi 2 , that is, by replacing some of the Ba atoms with 3 isoelectric alkaline-earth metal atoms. The formation of Ba 1-x Sr x Si 2 bulk itself has already been reported [7] . However, there were no descriptions of its optical properties. 
Experimental
An ion-pumped MBE system equipped with standard Knudsen cells for Ba and Sr, and an electron-beam evaporation source for Si was used. Transparent fused silica substrates covered with 100-nm-thick polycrystalline Si layers were used, so that the contribution of the substrate to the measured optical absorption spectra would be small [5] . nm. Details of the growth procedure have been described in our previous papers [5, 12] . The crystalline quality of Ba 1-x Sr x Si 2 was characterized by XRD measurements. The composition of the grown layers was evaluated by Rutherford backscattering spectroscopy (RBS) measurements using 4 He + ions accelerated at 2.3 MeV. The optical absorption spectra of Ba 1-x Sr x Si 2 were measured at RT using a double-beam spectrophotometer (JASCO V570) in a transmission configuration.
Results and discussion
RBS and XRD measurements were performed in order to confirm the formation of The atomic radius of Sr is smaller than that of Ba. Thus, when some Ba atoms in the BaSi 2 lattice structure are replaced by Sr atoms, this kind of lattice contraction will take place. It was found from XRD peak positions that a and b lattice constants in Ba 1-x Sr x Si 2 decreased linearly with increasing x. Detailed results will be reported elsewhere. Similar lattice contraction is observed in Ca 1-x Ba x F 2 [13] , which is completely miscible and obeys Vegards law across the entire composition range. In contrast, the diffraction peak of the (301) plane splits into two peaks in the sample with x=0.77 as shown in Fig. 2 Therefore, the absorption edge can be better interpreted as being due to indirect absorption rather than due to the Urbach tail absorption. 7 The E edge values of the other samples were derived in the same way, and are summarized in Fig. 4 15
